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Abstract 
The document introduces a pre-engineering program named High Scope Project. It was developed to incorporate engineering and 
energy concepts into technical courses of vocational high school in Taiwan. The contents of the program included 5 learning 
units, which were 36 learning hours in total and could be implemented as 2 credits of a semester. Quasi-experimental design was 
implemented to investigate whether the program is helpful for high school students in exploring engineering and technology 
occupations, and for attracting students to study engineering and technology majors in college. The results show that pre-
engineering program of HSP benefits for vocational high school students both career exploration and preparation for further 
study. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Preface 
High Scope Project (HSP) in Taiwan was developed by National Science Council, now named Ministry of 
Science and Technology, in 2006. To date, the National Science Council has founded two phases of HSP in high 
schools. The ultimate goal of HSP is to assist high schools and vocational high schools to develop school-based 
curriculum. Through innovating traditional curriculum, HSP seeks to improve the current science education system, 
to offer students a real-world learning environment, and to trigger studentsȽcuriosity and interests toward emerging 
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technologies. The second phase, named HSP ɛ, is a three-year program which has been in operation since 2011. 
The objectives of the HSPɛ are to: (Chang, 2014) 
  1) research and develop innovative and workable emerging technology curriculum so as to build up high-school 
studentsȽscientific literacy.  
  2) improve teachersȽprofessional scientific literacy toward emerging technologies, so as to inspire high-school 
studentsȽattitudes toward active learning. 
Taipei Municipal Nang Gang Vocational High School (NKHS) was selected to participate in HSP. It is one of 7 
public vocational high schools in Taipei City. Most of the students in NKHS are going to enter university after 
graduating, but some of them do not know how to choose. They are afraid to make decision of future study. By 
means of participating HSP, NKHS has developed a pre-engineering program for the students. 
Pre-engineering program mainly serves as a preparation course for the university engineering programs and 
education. The nature of courses is exploratory and preparatory. It is not professional or vocational courses and 
trainings. The program courses can be divided into two kinds in accordance with the education targets. The first kind 
of courses is given to students who are studying in engineering or plan to study in engineering majors in the 
university or two -year community institutes. The project offers them basic courses as preparation for transferring 
into professional engineering courses. Another kind of courses is given to middle and primary schools students. It 
offers concept courses, which helps students to understand the elements in engineering, the current situations of the 
job field and also offers studentsȽopportunities to trial the occupations in engineering. This text deals with the latter 
kind of courses on vocational high school students. The study developed pre-engineering courses and carry on 
teaching experiment in order to investigate the following purposes: 
x Whether the courses help vocational high school students in exploring engineering and technology occupations; 
x Whether exploring pre-engineering courses contributes to attracting students to study engineering and technology 
majors in college. 
2. Needs of career exploration for students 
Education of science and technology are very important to a countryÿs economy and development in science and 
technology. It is unanimous common understandings of governments and scholars all around the world that it is vital 
to strengthen the national engineering and science and technology education and to cultivate the ability  to adapt to 
the rapid economy and social changes and fast-developing scientific and technological accomplishment to meet  the 
challenge of the knowledge economy in the 21st century, and to strengthen the national economic competitiveness 
(ITEA,1996˗Clinton, 1997˗NAE,2001). 
According to the U.S. government and academic studies over the last 20 years, US engineering education faces 
two problems: The attrition rates of the students attending engineering and engineering technology majors in 
universities and colleges are low, and, insufficient numbers of representatives of women and minority ethnic groups 
engaged in engineering occupations or studying engineering and engineering technology. The above results have 
caused uneven supply and demand in U.S.A.'s engineering and engineering technology personnel demand. The 
numbers of graduates from university cannot meet enterprise demands. The insufficiency of manpower is serious 
(Scarcella , 2004; Douglas, Iversen & Kalyandurg, 2004; Blais & Adelson, 1998). There are various reasons why 
thereÿs a high loss rate of students studying engineering and engineering technology in American universities and 
colleges and an imbalance of supply and demand in engineering and engineering technology. However, the main 
factors that lead to this situation are insufficient pre-engineering education and not offering proper exploration 
course during the stage of high school (Shuman, et al, 2004; Shirley, 2004; University of Nevada, Reno, 2004; 
Scarcella ,2004). 
Super (1957 ) has divided personal career development into five stages: Growth stage (0-14 years old ), 
exploration stage (15-24 years old ), establishment stage (25-44 years old ), maintenance stage (45-65 years old ), 
and decline stage (over 65 ). High school students are at the exploration stage. Personal career choices are influenced 
by factors such as family background , idiosyncrasy , living environment ,etc. Personal ability, interest, needing, etc., 
will change due to trainings, environmental background and time ,etc. Therefore, school should represent positive 
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active guider in helping students to carry on their job interest exploration and make correct choices on their 
directions in their future career. 
Studies of the US scholars have proved that incorporating engineering concepts in courses or offer pre-
engineering program at middle and primary schools stage (K-12 ) enables early understanding of engineering and  
science and technology knowledge. It is also contributive when students are determining their career and deciding 
whether oneself is suitable to study and obtaining employment in engineering or scientific and technological field. In 
addition, emphasizing the traits of hands on of pre-engineering and of science and technology that are within our 
daily life and surrounding may attract more students to choose to enter engineering or science and technology majors 
in universities and colleges. Moreover, they will be successful learners in university education since they have been 
well trained during high school pre-engineering education (Douglas, Iversen & Kalyandurg, 2004; Blais, 2004). 
Ministry of Education of Taiwan has already noticed the achievements in implementing pre-engineering 
education to the students of middle and primary schools. Thus, they first promote the Nanotechnology K-12 
Cultivation Program in the north district of Taiwan since 2002. This program trains middle and primary schools 
nanotechnology seed teachers, develop nanotechnology teaching materials, teaching activities, exhibition tours, etc. 
In addition, Ministry of Education (2004 ) of Taiwan has newly formally announced and listed Āscience and 
technology and engineeringā into the provisional course outline of high school education as a option course choice 
in high school advanced living technology courses. Pre-engineering program of this study tally with the trend and 
provides opportunities in career exploration. 
3. Teaching activity planning and experiment design 
The teaching activity of project of allowing that this text develops mainly based on the course procedure 
abbreviated as A-PIE (Analysis, Planning, Implementation and Evaluation, shown as Fig. 1 ) and also literature 
reviews and consult the experts. Pre-engineering teaching activities are studied and developed by researchers and 
carefully examined by scholars of education of science and technology. It is finally confirmed after being discussed 
in a specialist meeting. The contents of pre-engineering teaching activities are guided according to common key 
courses of Āproject oriented coursesā of National Curriculum of Vocational High School issued by the Ministry of 
Education in Taiwan in 2010, and the course plan in the ĀPathway to Engineeringā in the US Project Lead the 
Way (PLTW). The teaching activities structure design is shown as Fig. 2.  
The developed contents of the program included 5 learning units, which are introduction of energy and 
engineering technology, 3D model design and manufacture, materials and nanotechnology, renewable energy, and 
energy saving. They could be implemented as 2 credits of a semester that is 36 learning hours in total. Each 
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Fig. 1. Procedure of Curriculum Development  
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instruction unit takes around 4 to 8 hours to finish. All of the 5 instruction units had developed completely, include 
lesson plan, instructional materials, classroom activities, and learning sheets.    
The teaching experiment subjects were judgment sampled 4 classes from NKHS. The instructor of the teaching 
experiment is the same teacher who works and teaches the project oriented courses in the school for more than 20 
years. The teacher has PhD degree and plenty of teaching experiences. Besides participating in the development of 
the research courses, the teacher also participated in discussing the experimenting procedures, teaching activities, 
pre- tests and post- tests, data collections, etc. 
The quasi-experimental design adapted nonequivalent pretest-posttest design. The above-mentioned four classes 
were randomly selected two classes as the experimental group and the other two as the control group.  Pre-
engineering courses are carried in the experimental group while it is not carried in the control group. It adds up to 
156 students from 4 classes. There are 23 female students and 133 male students. 79 of them are experiment group 
subjects and 77 of them are in the control group. 
4. Results and Discussion 
4.1. Energy and engineering technology career exploration 
This study conducted Āinterviewā method to communicate with students face to face before pre-engineering 
program finished and to confirm whether the pre-engineering program can intrigue studentsÿ exploration to career. 
On the other hand, the researcher also makes “energy and engineering technology career explore” questionnaire 
which focus on learning interest, learning ability, learning content and working environment to test the hypothesis. 
The test results of research hypothesis are as follows: 
x The pre-engineering program of this study didnÿt assist students to aware the relationship between self learning 
interest and energy and engineering technology fields successfully: only 8.0% students thought project oriented 
course is helpful for them to arouse the interest of energy and engineering technology, control group and 
experimental group only takes 6.9% and 9.1% respectively, the percentage of test for homogeneity did not show 
significant difference. 
x The effect of assisting students understand self learning ability to energy and engineering technology field from 
the pre-engineering program of this study is not significant: there are 9.9% students agreed that project oriented 
course will be beneficial for their learning ability to explore energy and engineering technology, while control 
group and experimental group takes 8.3% and 11.5% respectively that the percentage of test for homogeneity was 
not in significant difference. 
x The pre-engineering program of this study is capable to help students understand the learning contents of energy 
and engineering technology: there are 54 students (34.6%) agreed that project oriented course is helpful to gain 
their recognition about learning contents of college energy and engineering technological field, control group and 
experimental group takes 21.1% and 49.2% that the percentage of test for homogeneity was in significant 
difference. 
x The pre-engineering program of this study is able to provide students with the ability to understand the working 
environment of energy and engineering technology: 41 students (26.3%) believed that project oriented course 
will assist their understanding about the working environment of energy and engineering technology, control 
group and experimental group takes 6.7% and 46.9% respectively that the percentage of test for homogeneity was 
in significant difference.  
4.2. Energy and engineering technology program selection 
The purpose of this study is to analyze whether the teaching activities of the devised pre-engineering program 
from this study can arise vocational high school studentsÿ interest to take energy and engineering technology 
program or not. According to the research method, feedback about program selection should be gathered from 
control and experimental group before pre-engineering program. After the completion of pre-engineering program, 
the program selection result collected from school will be the result of post test. The test data will be divided into 
1802   Ching-Ho Huang and Chin-Guo Kuo /  Procedia - Social and Behavioral Sciences  174 ( 2015 )  1798 – 1803 
three groups, including energy and engineering technology group, other engineering technology group, and social 
science group what will be analyzed by the statistical software SPSS 10.0. 
By square distribution test (χ2) of percentage of homogeneous test, the pre-test correlation of experimental and 
control groups’ program selection was in significant difference (χ2 =13.888, degree df=2, greater than critical 
valueχ2.95(2)=5.991), besides, test the program selection difference via confidence interval of experimental and 
control groups what showed the result -0.44<¸<-0.24) indicated that the percentage of selecting energy and 
engineering technology program from experimental group was lower than control group before conducting the pre-
engineering program. 
Furthermore, confirm the post-test correlation of experimental and control groups via square distribution test (χ2) 
of percentage of homogeneous test, the result was in significant difference (χ2 =37.317, degree df=2, greater than 
critical value χ2.95(2)=5.991). besides, test the program selection difference via confidence interval of experimental 
and control groups what showed the result 0.052<¸<0.70) indicated that the percentage of selecting energy and 
engineering technology program from experimental group was higher than control group after conducting the pre-
engineering program. 
Based on the above test results, before the pre-engineering program, the percentage of selecting energy and 
engineering technology team from the students of experimental group was lower than the students of control group, 
however, after conducting pre-engineering program, the result came in opposite result. According to above 
statistical analysis, the condition revealed it was reasonable to reject null hypothesis in energy and engineering 
technology program selection, in other words, vocational high school studentsÿ willing to conduct pre-engineering 
program is significant correlated with their energy and engineering technology program selection.  
5. Conclusion 
5.1. Pre-engineering of HSP contributes to studentsÿ career exploration 
This study discusses whether pre-engineering activities are contributive to students in their career exploration in 
engineering and science and technology field which includes items in learning interest, learning ability, studying 
materials and working environment, etc.  Majority of the students consider pre-engineering learning in living 
technology courses provide them with reasonable understanding of the contents in university engineering and 
science and technology learning and also the working environment of engineering and technological field, which 
helps them in their career exploration in engineering and technology. However, living technology courses did not 
achieve the goals in making the students realize whether they are interested in engineering and technology or 
whether they possess the ability to learn engineering and technology. A possible explanation may be the insufficient 
time of the research since this pre-engineering teaching and learning experiment is only 2 hours every week for only 
one semester. 
5.2. Pre-engineering learningġof HSP  attracts students to select engineering and technology courses 
The number of percentage that chose energy and engineering technology courses was lower in the experimental 
group. However, more students in the experimental group chose energy and engineering technology courses than 
them in the control group after the students in experimental group have received pre-engineering program. The 
result confirms pre-engineering program of HSP attracts students to select energy and engineering technology 
courses. 
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